Effect of vanadate, a potent alkaline phosphatase inhibitor, on 45Ca and 32Pi uptake by matrix vesicle-enriched fractions from chicken epiphyseal cartilage.
Although alkaline phosphatase has been long associated with the mineralization process, its exact function remains to be elucidated. To clarify its possible role in matrix vesicle-mediated mineralization, we tested the effect of vanadate, a phosphate analogue and powerful competitive inhibitor of alkaline phosphatase activity, on calcium and phosphate uptakes by a matrix vesicle-enriched microsomal fraction. Vanadate was also tested in a hydroxyapatite-seeded ion uptake system to determine possible direct effects on mineral formation. The effect of vanadate on vesicle mineral ion uptake was complex; low dosages of vanadate (2-20 microM) were stimulatory to Ca2+ uptake, but were inhibitory to Pi. Higher dosages (greater than 67 microM) were inhibitory to both ions. The effect of vanadate on ion uptake was strongly influenced by the stage of vesicle loading; major effects were seen during the lag and early uptake phases, and minimal effects were seen in the terminal stages. Concentrations of vanadate highly inhibitory to vesicle ion uptake had minimal effects on ion accretion by a hydroxyapatite-seeded system. Inhibition of alkaline phosphatase activity by vanadate broadly paralleled inhibition of Pi and Ca2+ uptake; however, at low vanadate concentrations, inhibition of Pi uptake closely paralleled that of alkaline phosphatase. The data indicate that vanadate binds with high affinity to Pi-loading sites, blocking initial Pi uptake. Complexation between vanadate and Ca2+ may be responsible for the stimulation of Ca2+ uptake at early stages of vesicle ion loading with low levels of vanadate by enhancing binding of Ca2+ to the vesicles. It may also account for the selective inhibition of Ca2+ uptake during the rapid stage of vesicle ion loading with high levels of vanadate by reducing Ca2+ ion activity. The close parallelism between inhibition of early Pi uptake and of alkaline phosphatase activity supports the concept that alkaline phosphatase is involved in Pi transport during the early stages of matrix vesicle ion loading. However, the fact that only about half of the Pi uptake was affected by vanadate, despite the progressive inhibition of alkaline phosphatase activity, indicates that alkaline phosphatase is not solely responsible for Pi uptake by the matrix vesicle-enriched fraction.